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I. Sample Pretreatment 
Sample pretreatment was conducted in a similar manner for each of five 
sampling dates (September 8, 1977; November 29. 1977; January 9. 1978; March 
8. 1978 and May 10, 1978) and for each of the samples from the four project 
sites. Immediately upon arrival three liters of each sample were filter 
sterilized using 0.45 u millipore membrane filters. Filtering removes 
native algae and bacteria from the test water and enables the use of uni-
algal test species in the bioassay. Following filtration. the samples were 
subjected to routine chemical analyses for the determination of indigenous 
levels of soluble total and ortho phosphorus and soluble inorganic nitrogen 
(Tables 1 - 4), Also listed are total inorganic nitrogen/ortho phosphorus 
ratios as determined by chemical analysis. 
Chemical analysis is useful for identi:=ying specific ions but cannot 
distinguish between biologically available J.,ons and those which are not 
available. This is where the value of the bioassay lies. Bioassays use 
the measureable response of living organisms to environmental variables in-
cluding determining whether or not nutrients are biologically available. 
II. Experimental Set-up Procedure 
The bioassays were conducted using 100 ml sample volumes in 500 ml 
Erlenmeyer flasks. Inverted beakers were chosen for flask closures in 
order to permit good CO2-02 exchange' and to prevent contamination. 
Table 1. 
Dolores Project 
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9/8/1977 
Dolores River at Dolores 3. 13. 60. 35. 32. 
Dolores River below Rico Tailings 1. $. 64. 52. 116. 
Dolores River above Rico Tailings l. 7. 40. 112. 152. 
Dolores River below West Dolores River 4. 7. 46. 4l. 22. 
11/29/1977 
Dolores River at Dolores 2. 6. 20. 110. 65. 
1/9/1978 
Dolores River at Dolores l. 6. 21. 170. 191. 
3/8/1978 
Dolores River at Dolores <1. 12. 24. 302. >326. 
5/10/1978 
Dolores River at Dolores <1- 4. 17. 80. > 97. 
*A nitrogen/phosphorus ratio of < 15 indicates nitrogen limitation while an N/P ratio of > 15 




Results of Chemical Analyses 
11/29/1977 
Gunnison River near Grand Junction 
1/9/1978 
Gunnison River near Grand Junction 
3/8/1978 
Gunnison River near Grand Junction 
5/10/1978 
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*A nitrogen/phosphorus ratio of <15 indicates nitrogen limitation while an N/P ratio of >15 
indicates phosphorus limitation. 
w 
Table 3. 
San Miguel Project 
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9/8/1977 
San Miguel River near Placerville 6. 11. 42. 164. 34. 
San Miguel River near Sawpit 13. 23. 61. 245. 24. 
Leopard Creek 1. 7. 64. 3l. 95. 
11/29/1977 
SanMiguel River near Placerville 6. 54. 10. 240. 42. 
San Miguel River near Sawpit 12. 34. 54. 390. 37. 
Leopard Creek 1. 10. 2. 80. 82. 
1/9/1978 
San Miguel River near Placerville 34. 7l. 116. 840. 28. 
San. Miguel River near Sawpit 12. 23. 90. 320. 34. 
Leopard Creek 3. 14. 66. 100. 55. 
3/8/1978 . 
San Miguel River near Placerville 7. 32. 29. 10l. 19. 
San Miguel River near Sawpit 22. 41. 21. 339. 16. 
Leopard Creek 2. 9. 27. 73. 50. 
5/10/1978 
San Miguel River near Placerville 4. 6. 24. 40. 16. 
San Miguel River near Sawpi t 2. 3. 98. 150. 124. 
Leopard Creek II. 14. 32. 210. 22. .po. 
*A nitrogen/phosphorus ratio of <15 indicates nitrogen limitation while an N/P ratio of >15 
indicates phosphorus limitation. 
Table 4. 
West Divide Project 
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11/29/1977 
Colorado River at Newcastle (upstream) 2. 28. 5. 3. 4. 
Colorado River at Newcastle (downstream) 2. 40. 4 . 8. 6. 
1/9/1978 
Colorado River at Newcastle (upstream) 17. 28. 70. 310. 22. 
Colorado River at Newcastle (downstream) 17. 37. 49. 310. 2l. 
3/8/1978 
Colorado River at Newcastle (upstream) 17. 96. 59. 164. 13. 
Colorado River at Newcastle (downstream) 17. 96. 43. 175. 13. 
5/10/1978 
Colorado River at Newcastle (upstream) 1l. 16. 97. 270. 33. 
Colorado River at Newcastle (downstream) 12. 15. 55. 240. 25. 
*A nitrogen/phosphorus ratio of· <15 indicates nitrogen limitation while an N/P ratio of >15 
indicates phosphorus limitation. 
V1 
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Prior to use in the bioassays all glass and labware contacting the 
samples were treated in the following manner: sodium bicarbonate wash~ tap 
water rinses, 1:2 hydrochloric acid rinses, deionized water rinses and 
finally ultra pure deionized watnr rinses. Following washing, all glass-
ware was autoclaved using aluminum foil closures at 1210 C for 15 minutes. 
Samples from each of the projects received the treatments listed on 
Tables 5 - 8 for each of the five sampling dates. Each treatment was set 
up in triplicate. The sample blanks (treatments A ~nd H) were included to 
provide the basis for comparison of the other treat B.ents and to provide a 
measure of general fertility of the sample. The control treatments were 
included to provide an estimate of theoretical maximum cell growth and an 
index for comparing growth levels of the test waters. 
Table 9 lists the constituents of Algal Assay Medium (AAM). AAM is a 
precisely prepared growth medium containing known concentrations of all 
compounds essential to algal growth. The samples and controls (with the 
exception of 9/8/17 controls which contained full strength AAM for all 
constituents) contained one half AAM levels of nitrogen and phosphorus 
whereas all other constituents were added at full strength levels. Di-
sodium EDTA (Ethylene dinitrilo tetraacetic acid), a commonly used organic 
chelator, was added to Treatments A-G at a level of 1 mg/l in order to 
render excess toxic metal ions biologically inactive. Metal toxicity was 
detected in earlier bioassays from the heavily mined western Colorado area, 
therefore as a precautionary measure for the detection of metal toxicity 
the EDTA addition was made. Treatments H and I (with EDTA) were included 
to confirm any metal toxicity. Increased growth in EDTA spiked flasks in 
Table 5. 
Dolores Proj ec t 
Treatment Constituents 
9/8/77 
Dolores River below Rico Tailings 
Dolores River above Rico Tailings 
Dolores River at Dolores 
Dolores River below West Dolores River 
A. Sample + 1 mg/l EDTA 
B. Sample + 1 mg/l EDTA + 2.1 mg/l Nitrogen (N) 
C. Sample + 1 mg/l EDTA + 0.093 mg/l Phosphorus (p) 
D. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P 
E. Sample + 1 mg/l EDTA + trace element (AAM levels) 
F. Sample + 1 mg/l EDTA + 15.0 mg/l NaHC03 
G. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P + AAM 
levels of: trace elements, NaHC03, CaCl2 and MgS04 
H. Sample 
I. Sample + 2.1 mg/l N + 0.093 mg/l P + AAM levels of: trace 
elements, NaHC03, CaCl2 and MgS04 
Control: Distilled water + 4.2 mg/l N + 0.186 mg/l P + AAM levels 
of: trace elements, NaHC03, CaCl2 and MgS04 
Control + EDTA: Distilled water + 1 mg/l EDTA + same as control 
above. 
11/29/77 
Dolores River at Dolores 
. 1/9/78 
Sample treatments same as 9/8/77 
Control: Distilled water + 2.1 mg/l N + 0.093 mg/l P + AAM 
levels of: trace elements, NaHC03, CaCl2 and MgS04 
Control + EDTA: Distilled water + 1 mg/l EDTA + same as 
control above . 
Dolores River at Dolores 
3/8/78 
Sample treatments same as 11/29/77 except treatments 
E and F eliminated due to lack of sample 
Controls same as 11/29/77 
Dolores River at Dolores 
Sample treatments and controls same as 11/29/77 
5/10/78 
Dolores River at Dolores 
A. Sample 
B. Sample + 2.1 mg/l N 
C. Sample + 0.093 mg/l P 
D. Sample + 2.1 mg/l N + 0.093 mg/l P 
E. Sample + trace elements (AAM level) 
F. Sample + 15.0 mg/l NaHC03 
G. Sample + 2.1 mg/l N + 0.093 mg/l P + AAM levels of: trace 
elements, NaHC03, CaCl2 and MgS04 






Gunnison River at Grand Junction 
A. Sample + 1 mg/l EDTA 
B. Sample + 1 mg/l EDTA + 2.1 mg/l Nitrogen (N) 
C. Sample + 1 mg/l EDTA + 0.093 mg/l Phosphorus (P) 
D. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P 
E. Sample + 1 mg/l EDTA + trace elements (AAM level) 
F. Sample + 1 mg/l EDTA + 15.0 mg/l NaHC0 3 G. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P + AAM 
levels of: trace elements, NaHC03' CaC12 and MgS04 
H. Sample 
1. Sample + 2.1 mg/l N + 0.093 mg/l P + AAM levels of: trace 
elements, NaHC03, CaC12 and MgS04 
Control: Distilled water + 2.1 mg/l N + 0.093 mg/l P + AAM levels 
of: trace elements, NaHC03, CaC12' and MgS04 . Control + EDTA: Distilled water + 1 mg/l EDTA + same as control 
above. 
1/9/78 
Gunnison River at Grand Junction 
3/8/78 
Sample treatments same as 11/29/77 except treatments E and F 
eliminated due to lack of sample. 
Controls same as 11/29/77. 
Gunnison River at Grand Junction 
Sample treatments and controls same as 11/29/77 
5/10/79 
Gunnison River at Grand Junction 
A. Sample 
B. Sample + 2.1 mg/l N 
C. Sample + 0.093 mg/l P 
D. Sample + 2.1 mg/l N + 0.093 mg/l P 
E. Sample + trace elements 
F. Sample + 15.0 mg/l NaHC03 
G. Sample + 2.1 mg/l N + 0.093 mg/l P + AAM levels of: trace 
elements, NaHC03, CaC12 and MgS04 
Control: same as 11/29/77 
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Table 7. 
San Miguel Project 
Treatment Constituents 
9/8/77 
San Miguel River near Placerville 
San Miguel River near Sawpit 
Leopard Creek 
A. Sample +.1 mg/l EDTA 
B. Sample + 1 mg/l EDTA + 2.1 mg/l Nitrogen (N) 
C. Sample + 1 mg/l EDTA + 0.093 mg/l Phosphorus (P) 
D. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P 
E. Sample + 1 mg/l EDTA + trace elements (AAM levels) 
F. Sample + 1 mg/l EDTA + 15.0 mg/l NaHC03 
G. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P + AAM 
levels of: trace elements, NaHC03' CaCl2' and MgS04 
H. Sample 
I. Sample + 2.1 m~Jl N + 0.093 mg/l P + AAM levels of: trace 
elements, NaHC03, CaC12 and MgS04 
Control: Distilled water + 4.2 mg/l N + 0.186 mg/l P + AAM levels 
of: trace elements, NaHC03, CaCl2, and MgS04 
Control + EDTA: Same as control above + 1 mg/l EDTA 
11/29/77 
San Miguel River near Placerville 
San Miguel River near Sawpit 
Leopard Creek 
1/9/78 
Sample treatments same as 9/8/77 
Control: Distilled water + 2.1 mg/l + 0.093 mg/l P + AAM levels 
of: trace elements, NaHC03. CaCl2 and MgS04 
Control + EDTA: Same as above + 1 mg/l EDTA 
San Miguel River near Placerville 
San Miguel River near Sawpit 
Leopard Creek 
3/8/78 
Sample treatments same as 11/29/77 except treatments E and F 
were eliminated due to lack of sample 
Controls same as 11/29/77 
San Miguel River near Placerville 
San Miguel River near Sawpit 
Leopard Creek 
Sample treatments and controls same as 11/29/77 
5/10/78 
San Miguel River near Placerville 
San Miguel River at Sawpit 
Leopard Creek 
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Table 7. Continued. 
San Miguel Project 
Treatment Constituents 
A. Sample 
B. Sample + 2.1 mg/l N 
C. Sample + 0.093 mg/l P 
D. Sample + 2.1 mg/l N + 0.093 mg/l P 
E. Sample + trace elements (AAM levels) 
F. Sample + 15.0 mg/l NaHC03 
G. Sample + 2.1 mg/l N + 0.093 mg/l P + AAM 
elements, NaHC03. CaC12 and MgS04 
Control same as 11/29/77 
San Miguel River Sawpit 
10 
Page 2 of 2 
levels of: trace 
After several days of incubation very little growth resulted. Metal 
toxicity was suspected therefore the following treatments were added. 
G. Sample + 2.1 mg/l N + 0.093 mg/l P + AAM levels of: trace 
elements, NaHC03. CaC12 and MgS04 (this treatment was 
repeated as a check on the fertility of the sample). 
H. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P + AAM 
levels of: trace elements, NaHC03, CaC12 and MgS04 
Table 8. 
West Divide Project 
Treatment Constituents 
11/29/79 
Colorado River at Newcastle (upstream) 
Colorado River at Newcastle (downstream) 
A. Sample + 1 mg/l EDTA 
B. Sample + 1 mg/l EDTA + 2.1 mg/l Nitrogen (N) 
Page 1 of 2 
C. Sample + 1 mg/l EDTA + 0.093 mg/l Phosphorus (P) 
D. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P 
E. Sample + 1 mg/l EDTA + trace elements 
F. Sample +1 mg/l EDTA + 15.0 mg/l NaHC03 
G. Sample + 1 mg/l EDTA + 2.1 mg/l N + 0.093 mg/l P + AAM 
levels of: trace elements, NaHC03. CaC12. and MgS04 
H. Sample 
I. Sample + 2.1 mg/l N + 0.093 mg/l P + AAM levels of: trace 
elements, NaHC03, CaC12 and MgS04' 
Control: Distilled water + 2.1 mg/l N + 0.093 mg/l P -- AAM levels 
of trace elements, NaHC03, CaC12 and MgS04' 
Control + EDTA: Same as control above + 1 mg/l EDTA. 
1/9/78 
Colorado River at Newcastle (upstream) 
Colorado River at Newcastle (downstream) 
3/8/78 
Sample treatments same as 11/29/77 except treatments E and F 
eliminated due to lack of sample. 
Controls same as 11/29/77 
Colorado River at Newcastle (upstream) 
Colorado River at Newcastle (downstream) 
Sample treatments and controls same as 11/29/77 
5/10/78 
Colorado River at Newcastle (upstream) 
Colorado River at Newcastle (downstream) 
A. Sample 
B. Sample + 2.1 mg/lN 
C. Sample + 0.093 mg/l P 
D. Sample + 2.1 mg/l N + 0.093 mg/l P 
E. Sample + trace elements 
F. Sample + 15.0 mg/l NaHC03 
G. Sample + 2.1 mg/l + 0.093 mg/l + AAM levels of: trace 
elements, NaHC03. CaC12' and MgS04 
Control: Same as 11/29/77 
11 
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Reference: Environmental Protection Agency. "Algal Assay Procedures: 
Bottle Test", Corvallis. Oregon. (1971) 82 pages. 
comparison to yields in untreated flasks can be directly attributed to 
organic chelation and consequently metal toxicity. 
13 
Algal bioassays were performed according to EPA (1971) using the green 
alga, Selenastrum capricornutum PRINTZ. The test flasks were placed in a 
constant temperature room (240+ 20 C) with ncool white" fluorescent lighting 
providing illumination of 400 ft-C (4304 lux) ± 10 percent. 
The algal bioassays were monitored by determining the optical density 
(aD Bausch and Lomb Spectrophotometer 70 at 750 nm, 1 cm path length) and 
relative fluorescence (RF x 30, Turner fluorometer, Model 110). Optical 
density was measured over a 14 dey period while relative fluorescE·nce was 
measured to monitor the progress of the cultures for the first six to seven 
days when optical density does not provide a great deal of sensitivity. 
Fluorescence is a physiological response measuring chlorophyll i!. and opti-
cal density is a measurement of biomass. Although they are different mea-
surements, the two can be correlated. Normally when chlorophyll i!. is in-
creasing so is biomass and vice versa. Maximum values for optical density 
are listed on Tables 10 - 13. 
Optical d.ensity (aD) is an indirect means of measuring algal cell bio-
mass. As a consequence aD is linearly related to biomass as dry weight 
(Porcella et al., 1973). Due to this linearity, biomass, as volatile sus-
pended solids (VSS), can be calculated directly from aD. The relationship 
used to convert aD to VSS in Tables 14-17 is: 
VSS, mg/l = 350 (aD) + 3.5 
Because of the difficulty of measuring biomass in low density cultures, 
relative fluorescence of in vivo chlorophyll ~ was used to estimate biomass 
Table 10. 
Dolores Project 
Maximum Amount of Growth Observed As Optical Density; 750 mm., 1 cm. 
Treatment 
Sample A B C D E 
9/8/77 
Dolores River at Dolores .005 .004 .037 .272 .004 
Dolores River Below 
Rico Tailings .002 .003 .042 .250 .002 
Doiores K1ver Above 
Rico Tailings .003 .006 .057 .236 .003 
Dolores River Below 
West Dolores River .005 .006 .045 .256 .003 
Control 
Control + EDTA 
11/29/77 
Dolores River at-Dolores .002 .002 .046 .274 .003 
Control 
Control + EDTA 
1/9/78 
Dolores River at Dolores .007 .008 .037 .197 
Control 
Control + EDTA 
3/8/78 
Dolores River at Dolores .010 .003 .050 .277 .004 
Control 
Control + EDTA 
5/10/78 







































Maximum Amount of Growth Observed as Optical Density; 750 rom., 1 crn. 
Treatment 
Sample A B C D E 
11/29/77 
Gunnison River 
near Grand Junction .011 .020 .133 .17.5 .014 
Control 
Control + EDTA 
1/9/78 
Gunnison River 
near Grand Junction .040 .009 .174 .224 
Control 
Control + EDTA 
3/8/78 
Gunnison River 
near Grand Junction ~002 .003 .206 .229 .010 
Control 
Control + EDTA 
5/10/78 
Gunnison River 
























San Miguel Project 
Maximum Amount of Growth Observed as Optical Density; 750 rom., 1 cm. 
Treatment 
Sample A B C D E 
9/8/77 
San Miguel River 
near Placerville .003 .004 .060 .282 .001 
San Miguel River 
near Sawpit .003 .004 .076 .256 .005 
Leopard Creek .003 .063 .045 .186 .007 
Control 
Control + EDTA 
11/29/77 
San Miguel River 
near Placerville .008 .008 .063 .304 .008 
San Miguel River 
near Sawpit .027 .026 .083 .321 .023 
Leopard Creek .003 .003 .013 .257 .004 
Control 
Control + EDTA 
1/9/78 
San Miguel River 
near Placerville .082 .071 .212 .120 
San Miguel River 
near Sawpit .014 .051 .069 .277 
Leopard Creek .009 .009 .035 .259 
Control 
Control + EDTA 
Page 1 of 2· 
F G H 
.002 .256 .003 
.003 .231 .003 
.007 .197 .002 
.416 
.008 .273 .003 
.024 .278 .009 





















Table 12. Continued. 
San Miguel Project 
Maximum Amount of Growth Observed as Optical Density; 750 mm., 1 em. 
Treatment 
Sample A B C D E 
3/8/78 
San Miguel River 
near Placerville .018 .015 .048 .264 .028 
San Miguel River 
near Sawpit .063 .070 .075 .284 .062 
Leopard Creek .005 .003 .033 .274 .003 
Control 
Control + EDTA 
5/10/78 
San Miguel River 
near Placerville .006 .006 .037 .040 .008 
San Miguel River 
near Sawpit .004 .002 .012 .013 .003 
Leopard·Creek .021 .020 .025 .333 .021 
Control 
Control + EDTA 
Page 2 of 2 
F G H 
.017 .293 .017 
.058 .282 .045 
















West Divide Project 
Maximum Amount Of Growth Observed As Optical Density; 750-nun.,1 cm. 
Treatment 
Sample A B C D E F G H I 
11/29/77 
Colorado River at 
Newcastle (Upstream) .017 .021 .038 .287 .029 .018 .270 .008 .278 
Colorado River at 
Newcastle (Downstream) .007 .007 .026 .290 .006 .005 .267 .006 .262 
Control .331 
Control + EDTA .331 
1/9/78 
Colorado River at 
Newcastle (Upstream) .050 .042 .089 .305 .328 .045 .336 
Colorado River at 
Newcastle (Downstream) .020 .028 .098 .282 .330 .039 .331 
Control .266 
Control +EDTA .283 
3/8/79 
Colorado River at 
Newcastle (Upstream) .040 .036 .067 .302 .052 .044 .345 .008 .308 
Colorado River at 
Newcastle (Downstream) .046 .040 .057 .312 .043 .044 .295 .050 .333 
Control .270 
Control + EDTA .265 
5/10/78 
Colorado River at 
Newcastle (Upstream) .024 .020 .100 .329 .031 .016 .3.10 
Colorado River at 





Dolores Project a 
Maximum Amount of Growth Observed as mg/l VSS. 
Treatment 
Sample A B C D E F G H I 
9/8/77 
Dolores River at Dolores 5.3 4.9 16.5 98.7 4.9 6.0 98.0 5.3 81. 2 
Dolores River Below 
Rico Tailings 4.2 4.6 18.2 91.0 4.2 4.2 89.3 4.2 89.3 
Dolores River Above 
Rico Tailings 4.6 5.6 23.5 86.1 4.6 4.2 46.9 4.9 4.9 
Dolores River Below 
West Dolores River 5.3 5.6 19.3 93.1 4.6 4.2 87.5 4.6 92.4 
Control 149.1 
Control + EDTA 150.5 
11/29/77 
Dolores River at Dolores 4.2 4.2 19.6 99.4 4.6 4.6 98.7 4.6 93.5 
Control 119.4 
Control + EDTA 119.4 
1/9/78 
Dolores River at Dolores 6.0 6.3 16.5 72.5 108.4 7.0 107.1 
Control 96.6 
Control + EDTA 102.6 
3/8/78 
Dolores River at Dolores 7.0 4.6 21. 0 100.5 4.9 5.3 95.2 6.0 95.2 
Control 98.0 
Control +EDTA 96.3 
5/10/78 
Dolores River at Dolores 7.0 5.6 9.8 107.0 6.3 5.6 109.6 
Control 96.0 
aVSS = Volatile Suspended Solids 
I-' VSS. mg/l = 350 (Optical Density) + 3.5 (Porcella. et al., 1973) IJ:) 
Table 15. 
Dominquez Project 
a Maximum Amount of Growth Observed as mg/l VSS. 
Treatment 
Sample A B C D E 
11/29/77 
Gunnison River 
near Grand Junction 7.4 10.5 50.i 64.8 8.4 
Control 
Control + EDTA 
1/9/78 
Gunnison River 
near Grand Junction 17.5 6.7 64.4 81. 9 
Control 
Control + EDTA 
3/8/78 
Gunnison River 
near Grand Junction 4.2 4.6 75.6 83.7 7.0 
Control 
Control + EDTA 
5/10/78 
Gunnison River 
near Grand Junction 5.6 8.8 28.0 32.9 16.5 
Control 
~SS = Volatile Suspended Solids 
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Table 16. 
San Miguel Project 
Maximum Amount of Growth Observed as mg/l VSS. a 
Treatment 
Sample A B C D E F G H I 
9/8/77 
San Miguel River 
near Placerville 4.6 4.9 24.5 102.2 3.9 4.2 93.1 4.6 67.2 
San Miguel River 
near Sawpit 4.6 4.9 30.1 93.1 5.3 4.6 84.4 4.6 66.9 
Leopard Creek 4.6 25.6 19.3 68.6 6.0 6.0 72.5 4.2 65.1 
Control 149.1 
Control + EDTA 150.5 
11/29/77 
San Miguel River 
near Placerville 6.3 6.3 25.6 109.9 6.3 6.3 99.1 4.6 91.4 
San Miguel River 
near Sawpit 13.0 12.6 32.6 115.9 11.6 11.9 100.8 6.7 59.2 
Leopard Creek 4~6 4.6 8.1 93.5 4.9 7.0 98.4 4.2 89.3 
Control 119.4 
Control + EDTA 119.4 
1/9/78 
San Miguel River 
near Placerville 32.2 28.4 77.7 45.5 125.7 10.9 111.0 
San Miguel River 
near Sawpit 8.4 21.4 27.7 100.5 122.9 7.0 123.6 
Leopard Creek 6.7 6.7 15.8 94.2 102.2 6.1 ti4.4 
Control 96.6 
Control + EDTA 102.6 
3/8/78 
San Miguel River 
near Placerville 9.8 8.8 20.3 95.9 13.3 9.5 106.1 9.5 103.3 
San Miguel River 
near Sawpit 25.6 28.0 29.8 102.9 25.2 23.8 102.2 19.3 111.3 
Leopard Creek 5.3 4.6 15.1 99.4 4.6 4.9 100.8 6.3 103.3 
Control 98.0 
Control + EDTA 96.3 N 
I-' 
. Table 16. Continued. 
San Miguel Project . 
Maximum Amount of Growth Observed as mg/l VSS. a 
Treatment 
Sample A B C D E 
5/10/78 
San Miguel River 
near Placerville 5.6 5.6 16.5 17.5 6.3 
San Miguel River 
near Sawpit 4.9 4.2 7.7 8.1 4.6 
Leopard Creek 10.9 10.5 12.3 120.1 10.9 
Control 
Control + EDTA 
~SS ~ Volatile Suspended Solids 
VSS, mg/l ~ 350 (Optical Density) + 3.5 (Porcella, et al., 1973) 
Page 2 of 2 
F· G H 
5.3 107.8 









West Divide Project 
Maximum Amount of Growth Observed as mg/1 VSS. a 
Treatment 
Sample A B C D E F G H I 
11/29/77 
Colorado River at Newcastle 
(Upstream) 9.5 10.9 16.8 104.0 13.7 9.8 98.0 6.3 100.8 
Colorado River at Newcastle 
(Downstream) 6.0 6.0 12.6 105.0 5.6 5.3 97.0 5.6 95.2 
Control 119.4 
Control + EDTA 119.4 
1/9/78 
Colorado River at Newcastle 
(Upstream) 21.0 18.2 34.7 110.3 118.3 19.3 121.1 
Colorado River at Newcastle 
(Downstream) 10.5 13.3 37.8 102.2 119.0 17.2 119.4 
Control 96.6 
Control + EDTA 102.6 
3/8/78 
Colorado River at Newcastle 
(Upstream) 17.S 16.1 27.0 109.2 21. 7 i8.9 124.3 6.3 111.3 
Colorado River at Newcastle 
(Downstream) 19.6 l7.S 23.5 112.7 18.6 18.9 106.7 21.0 120.1 
Control 98.0 
Control + EDTA 96.3 
S/10/78 
Colorado River at Newcastle 
(Upstream) 11. 9 10.5 38.S 118.7 14.4 9.1 112.0 
Colorado River at Newcastle 
(Downstream) 11.6 10.5 25.2 105.4 17.2 9.8 114.8 
Control 96.0 
aVSS = Volitile Suspended Solids N 
VSS,mg/l = 350 (Optical Density) + 3.5 (Porcella, et al., 1973) v.> 
24 
in the early phases of the bioassay. Maximum values for relativefluores-
cence are listed on Tables 18 - 21. Calculations of average maximum specific 
growth rate batch (Pb) were made using relative fluorescence. The maximum 
specific growth occurs during the logarithmic phase of growth, usually be-
tween day 0 and day 5 and is useful in determining a sample response to each 
treatment. Maximum specific growth rates are calculated in Tables 22 - 25. 
III. Results and Interpretation 
Tables 26 - 29 outline the nutrient limitation as a result of chemic.al 
analysis and as a result of algal bioassay for all sites on all projects. 
While nitrogen and phosphorus are most often the algal growth limiting nu-
trient, it should be recognized that other nutrients may be growth limiting 
as well. Theoretical productivity potential must be verified by a.ctual 
algal assay analyses to determine: 1) the presence of growth limiting 
nutrients; 2) the presence of toxicants such as heavy metals and 3) if the 
chemical analyses for Nand P are realistic. 
A. Dolores Project 
1.· Dolores River at Dolores (Figures 1 - 18) 
Each bioassay at this sampling sit~ showed similar net results. Indi-
genous nutrient levels remained consistently low with the amount of total 
inorganic nitrogen progressively increasing during the winter months reach-
ing a maximum concentration of 326 ~g/l just before spring runoff then 
rapidly declining to 97 ~g/l when runoff occurred.· However, at no time 
during the year did the nitrogen or phosphorus concentrations in the sample 
reach a level that resulted in a productive untreated sample. Increased 
biomass was observed only when both nitrogen and phosphorus were added to 
Table 18. 
Dolores Project 
Maximum Amount of Growth Observed as Relative Fluorescence, RF x 30 
Treatments 
Sample A B C D E 
9/8/77 
Dolores River at Dolores 14. 16. 77. 923. 13. 
Dolores River Below 
Rico Tailings 11. II. 67. 880. 10. 
Dolores River Above 
Rico Tailings 15. 14. 9l. 925. 11. 
Dolores River Below 
West Dolores River 14. 16. 75. 827. 18. 
Control 
Control + EDTA 
11/29/77 
Dolores River at Dolores II. 13. 40. 945. 16. 
Control 
Control + EDTA 
1/9/78 
Dolores River at Dolores 16. 2l. 56. 820. 
Control 
Control + EDTA 
3/8/78 
Dolores River at Dolores 27. 9. 59. 1290. 13. 
Control 
Control + EDTA 
5/10/78 








































Maximum Amount of Growth Observed as Relative Fluorescence, RF x 30 
Treatments 
Sample A B C· D E 
11/29/77 
Gunnison River 
near Grand Junction 43. 64. 307. 510. 87. 
Control 
Control + EDTA 
1/9/78 
Gunnison River 
near Grand Junction 24. 21.. 545. 855. 
Control 
Control + EDTA 
3/8/78 
Gunnison River 
near Grand Junction 22. 17. 723. 1070. 33. 
Control 
Control + EDTA 
5/10/78 
Gunnison RiVer 

























San Miguel Project 
Maximum Amount of Growth Observed As Relative Fluorescence, RF x 30 
Treatments 
Sample A B C D E 
9/8/77 
San Miguel River 
near Placerville 12. 242. 156. 1410. 14. 
San Miguel River 
near Sawpit 12 14. 170. 983. 17. 
Leopard Creek 19. 65. 83. 543. 13. 
Control 
Control + EDTA 
11/29/77 
San Miguel River 
near Placerville 32. 29. 122. 1150. 33. 
San Miguel River 
near Sawpit 86. 87. 227. 1280. 87. 
Leopard Creek 16. 10. 24. 810. ' 9. 
Control 
Control + EDTA 
1/9/78 
San Miguel River 
near Placerville 135. 147. ' 620. 460. 
San Miguel River 
near Sawpit 25. 129. 140. 795. 
Leopard Creek 22. 19. 47. 1050. 
Control 






























Table 20. Continued. 
San Miguel Project 
Maximum Amount of Growth Observed As Relative Fluorescence. RF x 30 
Sample A B C D 
3/8/78 
San Miguel River 
near Placerville 64. 37. 70. 1300. 
San Miguel River 
near Sawpit 215. 335. 177. 1850. 
Leopard Creek 15. 10. 40. 1220. 
Control 
Control + EDTA 
5/10/78 
San Miguel River 
near Placerville 24. 24. 89. 473. 
San Miguel River 
near Sawpit 20. 18. 52. 54. 




























West Divide Project 
Maximum Amount of Growth Observed As Relative Fluorescence, RF x 30 
Treatments 
Sample A B C D E 
11/29/77 
Colorado River at 
Newcastle (Upstream) 24. 25. 61. 843. 26. 
Colorado River at 
Newcastle (Downstream) 22. 28. 47. 817. 21. 
Control 
Control + EDTA 
1/9/78 
Colorado River at 
Newcastle (Upstream) 105. 103. 119. 1200. 
Colorado River at 
Newcastle (Downstream) 63. 58. 200. 1055. 
Control 
Control + EDTA 
3/8/78 
Colorado River at 
Newcastle (Upstream) 129. 107. 130. 1820. 154. 
Colorado River at 
Newcastle (Downstream) 128. 126. 109. 1400. 148. 
Control 
Control + EDTA 
5/10/78 
Colorado River at 
Newcastle (Upstream) 103. 84. 337. 1370. 119. 
Colorado River at 



































Dolores Proj ect 




A B C D E F G H I 
9/8/77 
Dolores River below Rico Tailings 0.00 0.22 1. 26 1.72 0.11 0.12 1.81 0.00 1.60 
Dolores River above Rico Tailings 0.41 0.07 1.48 1.62 0.11 0.10 1.82 0.59 0.17 
Dolores River at Dolores 0.07 0.06 1. 57 1.81 0.05 0.12 1.69 0.00 1. 75 
Dolores River below West 0.48 0.55 1. 61 1. 90 0.13 0.09 1. 75 0.09 1.72 
Dolores River 
11/29/77 
Dolores River at Dolores 0.20 0.20 0.39 2.93 0.19 0.06 2.44 0.13 2.61 
1/9/78 
Dolores River at Dolores 0.41 0.42 0.62 1. 34 1. 60 0.41 2.13 
3/8/78 
Dolores River at Dolores 0.41 0.41 0.50 1.25 0.20 0.29 1.55 Q.25 1.49 
5/ 10/78 
Dolores River at Dolores 0.20 0.12 0.18 1.51 0.06 0.09 1.66 
aThe maximum specific growth rate (Ub) for an individual treatment is the largest specific growth rate 
(~b) occurring at any time during incubation. The specific growth rate, ~b' is defined by: 
In(X2/x1) 
-1 
~ = t2 "'"q days b 
where 
X2 = biomass concentration at end of selected time interval 
Xl biomass concentration at beginning of selected time interval 




Dominquez Project _la 
Maximum Specific Growth Rate, ~b' days 
Treatment 
Sample A B C D E F G H I 
11/29/77 
Gunnison River at Grand Junction 0.18 0.18 0.94 1.81 0.26 0.14 1. 79 0.11 2.19 
1/9/78 
Gunnison River at Grand Junction 0~49 0.37 0.83 1.04 1.29 0.15 1.53 
3/8/78 
Gunnison River at Grand Junction 0.45 0.27 1.03 1. 22 0.45 0.26 1. 32 0.20 1.56 
5/10/78 
Gunnison River at Grand Junction 0.12 0.37 1.02 1.01 0.76 0.80 1.65 
aThe maximum specific growth rate (~b) for an individual treatment is the largest specific growth rate 
(~b) occurring at any time during incubation. The specific growth rate, ilL' is defined by: 
In(X2/X1) -1 
llb t t days 2 - 1 
where 
X2= biomass concentration at end of selected time interval 
Xl = biomass concentration at beginning of selected time interval 




San Miguel Project 
Maximum Specific Growth Rate; 0b , days-
Sample 
9/8/77 
San Miguel River near Placerville 
San Miguel River near Sawpit 
Leopard Creek 
11/29/77 
San Miguel River near Placerville 
San Miguel River nearSawpit 
Leopard Creek 
1/9/78 
San Miguel River near Placerville 
San Miguel River near Sawpit 
Leopard Creek 
3/8/78 
San Miguel River near Placerville 
San Miguel River near Sawpit 
Leopard Creek 
5/10/78 
San Miguel River near Placerville 








































































































































aThe maximum specific growth rate (~b) for an individual treatment is the largest specirlc srowth rate 





~ = b 
In(X2/X ) day-1 
t2 - t1 
biomass concentration at end of selected time interval 
= biomass concentration at beginning of selected time interval 




West Divide Project 
Maximum Specific Growth Rate; 
Sample 
11/29/77 
Colorado River at Newcastle 
(Upstream) 
Colorado River at Newcastle 
(Downstream) 
1/9/78 
Colorado River at Newcastle 
(Upstream) 
Colorado River at Newcastle 
(Downstream) 
3/8/78 
Colorado River at Newcastle 
(Upstream) 
Colorado River at Newcastle 
(Downstream) 
5/10/78 
Colorado River at Newcastle 
(Upstream) 




















0.67 1. 24 
0.71 1.07 
Treatment 
D E F G H I 
2.52 0.17 0.31 2.08 0.17 2.54 
2.64 0.13 0.17 1.90 0.10 2.40 
1.54 1.87 0.61 1.96 
1.29 2.24 0.34 1.91 
1.74 0.80 0.78 1.68 0.26 1.58 
1.60 0.72 0.80 1. 61 0.80 1.68 
1.58 0.78 0.61 1.66 
1.65 0.61 0.57 1.61 
(l1b) 
aThe maximum specific 
occurring at any time 
growth rate (Qb) for an individual. treatment is the largest specific growth rate 





11 = b 
In(X2/X1) 
12 - t1 
-1 days 
= biomass concentration at end of selected time interval 
= biomass concentration at beginning of selected time interval 








Dolores River Below Rico 
Dolores River Above Rico 
Dolores River at Dolores 
Dolores River Below West 
River 
11/29/77 
Dolores River at Dolores 
1/9/78 
Dolores River at Dolores 
3/8/78 
Dolores River at Dolores 
5/10/78 




Tailings Phosphorus Phosphorus & Nitrogen a 
Tailings Phosphorus Phosphorus & Nitrogen a 
Phosphorus Phosphorus & Nitrogen a 
Dolores 
Phosphorus Phosphorus & N' a ~trogen 
Phosphorus Phosphorus & Nitrogen 
Phosphorus Phosphorus & Nitrogen 
Phosphorus Phosphorus & Nitrogen 
Phosphorus Phosphorus & Nitrogen 
aAddition of phosphorus substantially increased the maximum specific 
growth rate, ~b indicating phosphorus limitation. However, due to the 
low level of both indigenous nitrogen and phosphorus growth was only 
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Figure 5. 
DOLORES RIVER AT DOLORES 
NOVEMBER :29 1977 
R - TRTS R E3 E 
-
C = TRT C 
D = TRT D 
G = TRT G 
F 
+ = 1/:2 AAM + EDTA 
CONTROL 
2. '-to s. B. I 21. 1:2. 
TIME [DRYS] 
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MARCH 8 1978 
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the system. Addition of phosphorus caused a slight growth increase averag-
ing 16.7 mg/l VSS over an average of 5.9 mg/l VSS for the sample blank. 
Nitrogen and phosphorus addition increased the biomass to an average of 
95.6 mg/l VSS substantiating the predicated nitrogen and phosphorus 
limitation. 
The Dolores River sample at Dolores was found to be oligotrophic with 
respect to nutrients during the algal bioassay test period from September 
1977 through May 1978. Both nitrogen and phosphorus must be increased by 
substantial amounts in order to change the degree of eutrophication. 
Conclusions -
a. The sample was limited by both nitrogen and phosphorus. 
b. There was a good correlation between chemical analysis 
and algal bioassay. 
c. No metal toxicity was observed. 
d. This sample represents an infertile body of water in 
terms of algae with oligotrophic to mesotrophic tendencies 
in the future. 
2. Dolores River below Rico Tailings (Figures 19 - 22) 
Dolores River above Rico Tailings (Figures. 23 - 26) 
Dolores River below West Dolores River (Figures 27 - 30) 
These samples were subjected to algal bioassay only during September 
1977. Consequently it was difficult to draw any conclusions beyond the 
limiting nutrient at that sampling date. Chemical analysis indicated a 
phosphorus limitation but as was true with the Dolores River at Dolores 
indigenous nutrient concentrations were extremely low. This fact made it 
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Figure 26. 
DOLORES RIVER ABOVE RICO TRILINGS 
SEPTEMBER B 1977 
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Figure 27. 
DOLORES RIVER BELDW WEST DOLORES RIVER 
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The results of the bioassay clearly indicated limitation by phosphorus 
and nitrogen with phosphorus being the most limiting. The maximum specific 
growth rates (Table 22) were much higher when phosphorus was added but due 
to the low nitrogen concentration growth was minimal when nitrogen also be-
came limiting. 
One interesting fact resulted from the bioassay. A metal toxicity 
problem was detected on the Dolores River above Rico Tailings. Growth did 
not occur when EDTA was removed fron the system but biomass increased in the 
presence of EDTA. 
Conclusions: 
a. The samples were limited by both nitrogen and phosphorus. 
b. There was a good correlation between chemical analysis 
and algal bioassay. 
c. Metal toxicity was observed in the Dolores River above 
Rico Tailings but not at the other two sites. 
d. During September 1977 these samples represen ted an infer-
tile body of water. 
B. Dominquez Project 
Gunnison River near Grand Junction (Figures 31 - 44) 
Chemical analysis was very accurate in predicating phosphorus limita-
tion during November, 1977; January, 1978; and March, 1978. Bioassay verified 
that indigenous nitrogen was at a high enough concentration to support a large 
increase in biomass upon addition of phosphorus (Treatment C). Table 15 
shows that the resulting biomass after addition of phosphorus alone nearly 







Gunnison River Near Grand Junction 
1/9/78 
Gunnison River Near Grand Junction 
3/8/78 
Gunnison River Near Grand Junction 
5/10/78 











. a Phosphorus 
Phosphorus 
b Phosphorus 
aNitrogen also became limiting but only after significant growth 
occurs upon addition of phosphorus. 
bNo increase in growth occurred upon addition of both nitrogen and 
phosphorus over phosphorus addition alone. However, growth increased 
when total AAM was added indicating a possible trace metal limitation 
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82 
A slightly different situation arose in May, 1978. The sample was 
still phosphorus limited with treatments C and D nearly identical as far as 
biomass increase. However growth was retarded when compared to previous 
months and to treatment G (all MM cons.tituents added). This fact repre-
sents growth limitation by an element other than nitrogen or phosphorus. 
Further study of this water must be undertaken in order to ascertain the 
true cause of growth inhibition during May, 1978. 
Conclusions: 
1. Phosphorus was the limiting nutrient in all bioassays. 
2. Chemical analysis and algal bioassay correlated well. 
3. During the spring period another element in addition to phos-
phorus contributed to grouth limita.tion. 
4. This sample was classified as mesotrophic in its present state 
but a slight increase in the phosphorus concentration will re-
sult in a greater degree of eutrophication unless another 
element becomes liniting as was true in May, 1978. 
5. No metal toxicity \Vas observed. 
C. San Miguel Project 
1. San Miguel River near Placerville (Figures 45 - 62) 
September, 1977 and November, 1977 chemical analysis indicated a ten-
dency toward phosphorus limitation but due to the extremely low concentra-
tions of phosphorus and nitrogen the bioassay verified, as expected. limita-
tion by both elements. During this fall period the sample proved to be 
highly infertile but as the water level decreased by mid winter, the 
January, 1978 chemical analysis showed an increase in the nutrient concen-
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SAN MIGUEL RIVER AT PLACERVILLE 
MARCH 8 1978 
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San Miguel River Placerville Phosphorus a near Phosphorus 
San Miguel River Sawpit Phosphorus a near Phosptorus 
Leopard Creek Phosphorus a Phosplorus 
11/29/77 
San Miguel River Placerville Phosphorus a near Phosphorus 
a San Miguel River near Sawpit Phosphorus Phosphorus 
Leopard Creek Phosphorus Phosphorus & Nitrogen 
1/9/78 
San Miguel River near Placerville Phosphorus Phosphorus 
San Miguel River near Sawpit Phosphorus Phosphorus a 
Leopard Creek Phosphorus Phosphorus & Nitrogen 
3/8/78 
San Miguel River near Placerville Phosphorus & Phosphorus & Nitrogen 
Nitrogen 
San Miguel River near Sawpit Phosphorus & Phosphorus & Nitrogen 
Nitrogen 
Leopard Creek Phosphorus Phosphorus & Nitrogen 
5/10/78 b San Miguel River near Placerville Phosphorus & Phosphorus & Nitrogen 
Nitrogen 
c San Miguel River near Sawpit Phosphorus Phosphorus & Nitrogen 
Leopard Creek Phosphorus Phosphorus & Nitrogen 
aAddition of phosphorus substantially increased the maximum specific 
growth rate, 0b indicating phosphorus limitation. However, due to the low level of both indigenous nitrogen and phosphorus growth was only 
minimal upon phosphorus addition as nitrogen became limiting as well. 
bA trace element in addition to Nand P was limiting. 
cTrace metal toxicity was present at this sampling date. 
102 
concentration in a more fertile sample (VSS, Treatment A was 32.2 in Jan-
uary as compared to 3.n average of 5.5 in September and November). However 
the nutrient increase was not proportional as the nitrogen concentration 
increased to a far greater extent than the phosphorus. The net result was 
a profound phosphorus limitation. 
The March, 1978 bioassay showed a return to the fall conditions prob-
ably as a result of increasing water levels as the spring turnover began. 
Indigenous nutrients dropped again to very low concentrations and the 
sample again became nitrogen and phosphorus limit,~d. As the spring turn-
over continued into May, 1978 chemical analysis Slowed l:he nutrient levels 
continuing to drop to extremely low concentrations. The May. 1978 bioassay 
reflected low nutrient concentrations with only minimal response even upon 
nitrogen and phosphorus addition (Treatment D). Other elements, as well as 
Nand P, appeared to have become limiting on the San Miguel River at Placer-
vi]le during May, 1978. 
Conclusions: 
a. The sample was limited by nitrogen and phosphor,]s during 
the fall and spring months but became phosphorus limited 
alone when the water flow and level were lower during 
winter. 
b. Chemical analysis and bioassay correlated well. 
c. During ~he spring period another element or elements in 
additio1. to Nand P contributed to limitation. 
d. No meta.L toxicity was obs~~rved. 
e. This sample was classified as oligotrophic to mesotrophic. 
The low nutrient concentr,ttions indicate that both nitrogen 
and phosphorus will be required before a shift in 
eutrophication occurs (graph, OD, 3/8/79 is not 
labeled). 
2. San Miguel River near Sawpit (Figures 63 - 82) 
103 
As was true with most other samrles analyzed during the bioassays. 
this sample appeared to be limjted by phosphorus based solely on chemical 
analysis but in truth was limited by both Nand P in all cases. Indigenous 
nutrient levels were low result:ing in a low productivity sample which be-
came productive only when nitrogen and phosphorus were introduced into the 
system. 
The final bioassay in May, 1978 indicated a toxicity problem not be-
fore observed at this site. Growth upon addition of Nand P (Treatment D) 
or total AAM (Treatment G) was not markedly greater than the sample blank. 
When this poor response was observed an EDTA spiked total AAM treatment 
(Treatment I) was added to the bioassay for this particular sample. The 
resulting growth with EDTA added was normal. Normally, as indicated by 
earlier bioassays, metal toxicity did not occur. It can only be assumed 
that spring turnover or runoff brought a toxic metal into the San Miguel 
River at the Sawpit site. 
Conclusions: 
a. The sample was limited by both nitrogen and phosphorus 
during each sampling period with phosphorus being the 
most limiting. 
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c. Heavy metal toxicity was indicated during the spring possi-
bly as a result of spring turnover. 
d. An oligotrophic to mesotrophic condition can be expected at 
this site. Metal toxicity may play some role in this body 
of water remaining nonproductive. 
3. Leopard Creek (Figures 83 - 100) 
The conditions on Leopard Creek can be described in a very few sen-
tences. Chemical analysis pointed in the direction of phosphorus limitation 
but upon closer examination it become obvious that this sample would be 
limited by both nitrogen and phosphorus simply because it contained such 
low concentrations of both. During the nine month period of the bioassays 
the highest of concentration of TSIN was 232 ~g/l and of OP was 11. Both 
of these values occurred during the spring turnover t and even when the 
nutrient values were at their high point productivity was low. 
Conclusions: 
a. The sample was limited by both nitrogen and phosphorus 
during each sampling period with phosphorus being the most 
l~miting. 
b. Algal bioassay and chemical analyses correlated well. 
c. No metal toxicity was observed. 
d. Thjs sample represents an oligotrophic body of water. 
Increased productivity is possible upon addition of nitrogen 
and phosphorus but substantial quantities of both would be 
necessary. 
125 . 
V T I 














1D W W 
L J I 
[ [ 0 m 
to V Cl l!) [ rr t r-
r- tf! I-r- , l- I- l- I- Z m r 0 ~ r[r rr rr n: II '\ fIJ L,- V W , l- I- l- I- - !Ii w CD 
r .,. 
Il:: 
V Il:: II II II II II II 
t 
w 11! 0· to a: I'il v Cl l!] + ct: Z -
0: W 
D... t-
o D... ! 
w w ~. 
.....I Ul I I 
fiI 51 fiI fiI tl tl fiI fiI fiI 
III 51 111 fiI 111 fiI 111 fiI b1 
r j 1'1 1'1 N N - - tl 














i' I ...: [ i'. 
m t-, I- -~ iT r! \ w 
w CD ~- I- -
0:: 
V 0:: II II II W 
0 to 









II II II ~ II ~ ~ 
14 II 14 !iii IA &I ld 
1'1 l'I IV IV - - u 
Ii Ii Ii Ii g Ei Ii 


















































SEPTEMBER 8 1977 
T 
A = TRTS . F 
225:1i!!. t E3 = TRTS f3 C 
C> TRT r> 
21i!!1i!!1i!!. t G :: TRT G 
+ :: I ,,/ I AAM + EJ:>TA 








I. :a. 3. Y. 5:. 5. 
TIME [DRYS] 




























Ir Ir \ 
r- r- -
II II n 



































~ 21."" s: 21 
V 
21 ..... 2111!!1 
. 



















E!. , E:E! 




NOVEMBER 29 1977 
R :: TRTS 





G :: TRT G 
R 
+ :: 1/2 RAM 
f3 
CONTROL 




B. , II!!I. 12. 
TIME [DRYSJ 












a: I _ [ 
r--
r-- t- t- I'\J m 
!I-L- II n: \ 
w t- t-wm 
ct::N II II II V 
0:: I + ow o::w 
a:L 
ILW D> WD 













Iii -fii -Ei 

















r-- I-[]1 II ~ 
w ..... 
W []1 
IJ:: 1"4 II 
V 














V Q l!J II II I-
..... ..... ..... f1J Z 
II II II '\ 0 V I- ..... ..... -
II II II II 
V 0 l!J + 
EI Ei Ei Ei fii I!iI 
ld EI ld EI IA. lSI lSI EI lSI 




r- IA 1\1 



































0::: N II V 






















fii D fii Ii Ii r;i fii D lit D ld D ld 11 151 
N D .... M N 11 b1 II b1 
AI N - - - - .... lit .. 





































[[ ~ >-I- [ 
Q -




II: II: 0 L 
v C:a I!J II: £r I-
Ul I-
m 
l- f- f- f- f\.I Z 
ro £r lr £r lr '\ 0 
~ r-- f- f- l- f- _ V w m :r 
W II II II II II 0:: 
V Il1 







til til til til til til til til til 
lit iii 111 til Id til 111 til Id 
:r :r PI PI N 111 - - til 












0 )-II Li 








I- I- flJ 
[l] II II \. 
~r--- l- I- -wm i 
w- II II II 
n:: 







!I !I !I !I !I !I !I !I II 
ld !I ld !I ld II ld !I ld 
l' l' PI PI l'I J1l - - II S fii m m Fi m m Iii Fi 


































JRNURRY 9 1978 
A = TRTS 
C = TRT 
r> ;:: TRT 
G - TRT 
-






























V ui W 
[ L 
-[ III r-I - [ :r 
1Il }- l- N 
~r-- n: n: '\ IS! 
wrn }- }- - Pl W-
0:: II II vrn 11 





oz 61 WIT: 
...J'"'J 
fii fii rd fii fii f.i fii til fii 111 61 111 61 lit 61 
N 61 t- III N 61 lit fi1 14 . 













u: u: 0 
v C l!J u: Ir f-I.fl 
f- f- f- f- N Z 
It It rr Ir \ 0 
f- l- f- f- - V ~ 
W en w .... II 1/ II U II 
r.t: m v [ V 6 l!] + 
0 OJ Il:: 
II: I n... V D a:: W u:: 
.J ~ 
II fil fil 
lit til lit 
J' I I'! Iii Iii fil 
CWJ 'WN 
fil fil S1 til 
fil lit S1 lit 























































I- ,.: u: 
z Cl 
0 u 
V EI iii W L 
[ L 
I [ lit -j I-
I- I- IV 
~. 
[[ n: '\ 
I- I- - EI 
W []J ri 
w l"- II 1/ 11 a:: m 
v I 
-





0 Il::: !i! w II: 
-1 ::t:1 
II EI iii EI· iii II EI II iii 
14 EI 14 EI III I5l III iii III 
r :r PI PI N IV - - lit 





['W:> ·WN 05LJ AJ..ISN3<J It:l:> IJ..dD .,-1 ~ 
LEOPRRD CREEK 
MARCH 8 1978 
T 




X 2212121. + - l/c RRM CONTROL 
-





0:: 12S:21. 0 
:J 








12''- 1 L f! ,...t 'Z~= ~ If' G3 --t----------i 









































H = TRT H 
I = TRT I 
+ = 1/2 RRM CONTROL 


















I !.\ rsJ 
.J ~ ai n L.. 0 m "" rr )-w 1- U! [[ 






ID W ..... 




1- 1- 1- J1J 
\ w lr rr lr \. '~ Will 1- 1- 1- -III' m vrn II II II II ri 






!.\ !.\ !.\ !.\ !.\ !.\ !.\ !.\ II 
111 !.\ 111 !.\ 111 II 111 !.\ 111 
;r ;r 1'1 1'1 N N - - II 








-1 ui n 
lL 0 Ul 
..... Ir >-W I-
...... Z L1 IT: 
v 0 6 
.... v u [1 t 
-
I: W [[ rr 
0 l!l rr E 
-m 
)L l- I- l- N ri I-
W rr rr I! '\ 
Will l- I- I- -
[tl' 
vm II II II II Pi 






Ii Ei Ii Ii Ii . !l Ii Ii Ei 111 13 111 EJ 111 & 
N til ,... III N 13 III EI 111 0 
N N 
-





IZlE X 3:>N3:>53t:JOnl..:J 3 J\ LL I::j 13 r:l -.-I !J:.t 
D. West Divide Project 
Colorado River at Newcastle (upstream) (Figures 101 - 114) 
Colorado River at Newcastle (downstream) (Figures 115 - 128) 
143 
The results of the bioassays on these two sites will be presented to-
gether because the two mimick each other so closely. The initial bioassay 
in November, 1977 indicated a tendency toward nitrogen limitation based on 
chemical analysis alone. However the bioassay procedure pointed in the 
opposite direction of an Nand P limitation with phosphorus being the most 
limiting.. Bioassays during the followir\g months reflected a similar ten-
dency of both nitrogen and phosphorus limitation and chemical artalysis 
correlated a bit more closely than before. 
Conclusions: 
1. The samples were limited by both nitrogen and phosphorus 
during each sampling period with phosphorus being the most 
limiting. 
2. Algal bioassays correlated well with chemical analysis 
except during November, 1977 when nutrient concentrations 
were so Iowan accurate assumption could not be made on 
chemical analysis alone. 
3. No metal toxicity was observed. 
4. At the present time this body of water would be classified as 
oligotrophic. The water does have a high growth potential as 
indicated by good response when nutrients are made available 
but addition of both nitrogen and phosphorus would have to 
occur in order for this to happen. In the short term future 
it appears this river will remain essentially the same. 
Table 29. 
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aAddition of phosphorus substantially increased the maximum specific 
growth rate, Ub' indicating phosphorus limitation. However, due to the 
low level of both indigenous phosphorus and nitrogen growth was only 

















I- m Ln 
II [[ Ii 
)-
V I- - [I 
:I I.t. Cl a W w u 
Z W 
+ m W I- tfl 
.[[ r .J L 
[[ [[ 0 -
rr v Cl I!l [[ !r I.D r Wf" Ln I->f" l- I- l- I- f\I Z _ITl 0 rr- [l !r [l II: '\ 
l- I- l- I- - V i 
of.{} 
00:: II II II II II 




1.1 fil fil 1.1 1.1 51 II II II 
1.11 1.1 1.11 fi1 1.11 '5l lit II 1.11 j j PI PI N II! - - 1.1 Ii Ii Ii Ii . . Ii Ii 
. 




























r!. I [ Wf" 
. f" l- I- f\l 2:m 
lI- n: n: \ 
og) l- I- -
II II II Cl~ 









II til II II II 
iii II U1 til iii 
PI PI 1\1 N -
fii fii fii 6i si 















































.J t- n 
t- Ul 
III II )-II 1i1 
V f- ui rr 





tf] 1" W t-
.J 
·II E L II II 0 




WI" l- f- f- f- [1.J Z >01 0::: 0::: 0::: 0::: '\ 0 II- I- l- I- f- _ V J: 
01 
f\I 
D["lI II II II II II 
6~ 




0> lSI V~ 
61 lSi lSi lSi !J !J lSi Id 61 Id !J Id 61 61 61 f\I !J ~ Id N 61 Id 61 Id 
I'll I'll ~ Id N 













































t- t- I1l [[ "\ II l- I-
II 11 II 
I - + 
5i Ei 5i lSi 5i lSi 5i . 111 5:1 b1 tI b1 5:1 II 5:1 
N 5:1 .... 1tI N tI Id IJ Id 
PI N .... lit N 





























W - n Il:: 
r- m 
U1 [[ )-a.. lSi :J r- [[ L.J 6 ~ -.... lJ w w ~ .J u r- + I U1 iii 
a: Ii] W v L .J :t 0 2: w [[ [[ rr -z V (;} l!J [[ I-
m I--
ui 
!- Z a: I-- I-- I-- I-- J1J 
0::1I1 rr Ir rr Ir '\ 0 




- II II II II 
" a::: [11"'" 







flI flI flI flI II flI II II II 
iii flI b1 flI b1 flI b1 E1 IJ1 
.r ~ PI II! N ~ - - II N Iii !Ii Ii Ii 
. L1I 
II II II II a .--I 
OJ 
~ 












..J 0 I-In V 
Il: 
v L ~ [[ w 
z I [ 
I-
a: t- t- N 
OJ cr [l: '\ a:: 
w l"- t- I- -
> 
[J1 
a:: II II II 
0 









J' J: fi lSI 
fiI fiI fiI fiI fiI fiI S 
Id fiI Id fiI 111 fiI 111 
PI PI N N - - m 
lSi lSi 
. Ei I5i lSi Ii 51 























































COLORRDO· RIVER AT NEHCASTLE [UPSTREAMJ 
tJRNUARY 9 1978 
R = TRTS R 6 C 
D = TRT D 
G = TRT G 




~ M _8- 8 R .8 .--A 
Fl· + ·-':::'·"-·H -t ~-+-----+-----"",.t- --... -. -----t 





































CDLDRADO RIVER AT NEWCRSTLE rUPSTREAMJ 
L.JRNURRY 9 1978 
H = TRT H 
= TRT 
+ = 1/2 RRM <ONTROL 
;x-L :+ 
~
~ f -" 































2.1. I 21e! 
1ZI.21 s: 21 
Figure 109. 
COLDRRDO RIVER RT NEWCASTLE [UPSTRERMJ 


















1/::2 RRM + EDTR 
CONTROL 
~ ~ 
::::--.:-_~ s ; __ ~ __ ---_C 
E3 ..R 

















l.Il V a: 
v 1: 3: 
w [ 
z I [ 
-
r-
a: l- I- N 
a::: 
[t [t \ 
l- I- -W [Il > 
0:: t"'- Il II II m 










51 EJ EJ EJ 51 EJ 51 
ld EJ III 51 ld iii ld 
Pl PI PI III - - til 
Ei Ei Ii Ii Ei fjj Ii 





































































COLORRDO RIVER RT NEWCASTLE [UPSTREAMJ 
MARCH 8 1978 
A - TRTS R E3 E F' .-
C :: TRT C 
D :: TRT D 
G :: TRT G 
+ :: 1/2 RRM + EDTR 
CONTROL. 
D -r> Z--=+ /~-~"''-..G 























l- I--a: rr 
n:: r w rn 
> r-- II 
n:: m 
0 I 























t;j lSi lSi lSi lSi lSi lSi lSi JJ1 tsJ iii tsJ It1 tsJ tsJ 
1\1 til l'- Itt iii til JJ1 tsJ L1 
1\1 N l'- lit N 















r1 21 ..... s:21 . 
2: 
V 
3 ..... 213 
L 21.:a5:21 
Z 

















er. I s::er 
2f. I 2l2f 
Z.215:2f 
Figure 113. 
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